Introduction {#ss1}
============

The kittens described in this case report were diagnosed with syndactyly, a dysostosis characterised by a congenital lack of differentiation between two or more digits (Swanson [1998](#b10){ref-type="ref"}, [2003](#b14){ref-type="ref"}, [1976](#b24){ref-type="ref"}). Syndactyly results when the mesenchyme between radial swellings of the hand or footplate of the developing extremity fails to break down. As a result, there is incomplete separation of skin, fibrous tissue and/or bone in utero (Noden and de Lahunta [2003](#b11){ref-type="ref"}, [1985](#b16){ref-type="ref"}, [1987](#b17){ref-type="ref"}).

In human beings, syndactyly is classified as simple or complex, as complete or incomplete, and as complicated or uncomplicated (Ger [2004](#b7){ref-type="ref"}, [1998](#b10){ref-type="ref"}, [2003](#b14){ref-type="ref"}). In simple syndactyly, the abnormal interconnection between adjacent digits consists only of skin and fibrous tissue, whereas in complex syndactyly there is a lack of separation of adjacent bone(s), in addition to skin and fibrous tissue deformities. Syndactyly is called complete when adjacent digits (phalanges 1 to 3) are connected throughout their entire length with soft tissue and/or bone and incomplete when they are not connected throughout their entire length (Ger [2004](#b7){ref-type="ref"}, [1998](#b10){ref-type="ref"}, [2003](#b14){ref-type="ref"}). All cases in the veterinary literature with complex syndactyly have a complete simple syndactyly. Complex syndactyly is further classified as complicated or uncomplicated. Complicated complex syndactyly is associated with other anomalies whereas uncomplicated complex syndactyly is not associated with other anomalies ([Kozin 2003](#b14){ref-type="ref"}). This classification has also been used for syndactyly feline and canine patients ([1](#t1){ref-type="table"}, [2](#t2){ref-type="table"}) ([Towle and Breur 2004](#b26){ref-type="ref"}).

###### 

**Nomenclature of syndactyly**

  -------------------------- ------------------------------------------------------------------------------------------------------------------
  Simple syndactyly          Abnormal interconnection between adjacent digits consisting only of skin and fibrous tissue
  Complex syndactyly         Lack of separation of adjacent bone(s), in addition to skin and fibrous tissue deformities
  Incomplete syndactyly      Adjacent digits (phalanges 1 to 3) are not connected throughout their entire length with soft tissue and/or bone
  Complete syndactyly        Adjacent digits (phalanges 1 to 3) are connected throughout their entire length with soft tissue and/or bone
  Uncomplicated syndactyly   Syndactyly not associated with other abnormalities
  Complicated syndactyly     Syndactyly associated with other abnormalities
  -------------------------- ------------------------------------------------------------------------------------------------------------------

###### 

**Classification of syndactyly**

                                                           **Feline references**                                                                                                               **Canine references**
  -------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------
  Simple                                                                                                                                                                                       
   Complete                                                                                                                                                                                    • [Richardson and others (1994)](#b20){ref-type="ref"}
   Incomplete                                                                                                                                                                                  
  Complex                                                                                                                                                                                      
   Complete                                                                                                                                                                                    
    Complicated                                                                                                                                                                                • [Schultz and Watson (1995)](#b22){ref-type="ref"} (partial terminal transverse, hemimelia and an anomalous eighth lumbar vertebra)
    Uncomplicated                                                                                                                                                                              • [Riser (1964)](#b21){ref-type="ref"}
  • [Hays (1917)](#b12){ref-type="ref"}                    • [Leipold and Guffy (1973)](#b15){ref-type="ref"}                                                                                  
  • [Boehringer (1975)](#b3){ref-type="ref"}               • [Dallman and Brown (1980)](#b5){ref-type="ref"}                                                                                   
  • Present study                                          • [Renoy and Balligand (1991)](#b19){ref-type="ref"}                                                                                
   Incomplete                                                                                                                                                                                  
    Complicated                                                                                                                                                                                • [Gehring and Schröder (1961)](#b9){ref-type="ref"} (oligodontia, cheiloschisis)
  • [Howe (1902)\*](#b13){ref-type="ref"} (polydactyly)    • [Carrig and others (1981)](#b4){ref-type="ref"} (ectrodactyly)                                                                    
  • [Searle (1953)](#b23){ref-type="ref"} (ectrodactyly)   • [Freeman and others (1988)](#b8){ref-type="ref"} (cleft palate, polydactyly, shortened tibia‐fibula, brachygnathism, scoliosis)   
                                                           • [Hays (1917)](#b12){ref-type="ref"}                                                                                               
    Uncomplicated                                          • Present study                                                                                                                     • [Baum (1889)](#b2){ref-type="ref"}

Not reported in detail

The incidence of syndactyly in human beings is approximately two or three per 10,000 live births ([Kozin 2003](#b14){ref-type="ref"}). The mode of transmission of familial syndactyly is considered to be autosomal dominant with variable expressivity and incomplete penetrance. This means that syndactyly in human beings is propagated in family lines, may not be present in full form in each patient (phenotypic variation) and may skip a generation ([Kozin 2003](#b14){ref-type="ref"}). It is also associated with defects of the second chromosome ([Kozin 2003](#b14){ref-type="ref"}). Syndactyly in human beings has been associated with a mutation of the homeobox D cluster‐13 (*Hoxd‐13)* gene, fibroblast growth factor receptors, ligand Wnt‐1 and transcription factor Msx‐2 ([Daluiski and others 2001](#b6){ref-type="ref"}, Arias and Stewart [2002](#b1){ref-type="ref"}, [2003](#b11){ref-type="ref"}). In human beings, complicated complex syndactyly is seen in association with symbrachydactyly (Poland syndrome), constriction bands and acrocephalosyndactyly (Apert syndrome) ([Kozin 2003](#b14){ref-type="ref"}).

Information about syndactyly in the veterinary literature is sparse. To the authors' knowledge, all canine (Baum 1889, Gehring and Schröder [1889](#b2){ref-type="ref"}, [1981](#b4){ref-type="ref"}, [1980](#b5){ref-type="ref"}, [1961](#b9){ref-type="ref"}, [1973](#b15){ref-type="ref"}, [1964](#b21){ref-type="ref"}, [Renoy and Balligand 1991](#b19){ref-type="ref"}, Richardson and others [1994](#b20){ref-type="ref"}, [1995](#b22){ref-type="ref"}) and feline (Howe [1975](#b3){ref-type="ref"}, [1917](#b12){ref-type="ref"}, [1902](#b13){ref-type="ref"}) reports of syndactyly are limited to isolated cases with the exception of one case report describing complicated complex syndactyly in a cattery ([Searle 1953](#b23){ref-type="ref"}) and one case report describing complicated complex syndactyly in a family of Australian shepherd dogs ([Freeman and others 1988](#b8){ref-type="ref"}; [Table 2](#t2){ref-type="table"}). The incidence, aetiology and prognosis of feline syndactyly are unknown. In this case report, we will describe a litter of kittens with syndactyly and review clinical signs, treatment, prognosis, aetiology and possible mode of inheritance of feline syndactyly.

Case history {#ss2}
============

Six kittens from a single litter were presented to the Purdue University Veterinary Teaching Hospital (PUVTH) for evaluation of paw deformities on multiple limbs. The queen was obtained from the humane society by its foster owner (L. R. T.). The queen's gestation and vaccination history were unknown. The queen, a domestic shorthair, did not have any gross skeletal deformities. The foster owner (L. R. T.) immediately noticed the paw deformities after the kittens were born.

The kittens were approximately five weeks old upon initial presentation to PUVTH. There were two female and four male kittens. Four of the six kittens (three males and one female) in the litter were affected. Physical examination was unremarkable and no other abnormalities besides the manus and pes deformities were detected. Physical examination findings consisted of abnormal or absent digits, abnormal shape, fusion or absence of digital pads and abnormal shape or fusion of nails. No lameness was detected in any of the kittens during the initial visit. Radiographs of affected limbs showed varying degrees of complex syndactyly. Kitten 1 had syndactyly of all four feet ([Table 3 and Fig 1](#t3){ref-type="table"}, [\[link\]](#f1){ref-type="fig"}). Kittens 2, 3 and 6 had pelvic limb syndactyly ([Table 3 and Figs 2 to 4](#t3){ref-type="table"}\[[2](#f2){ref-type="fig"}, [3](#f3){ref-type="fig"}, [4](#f4){ref-type="fig"}\]).

![**Foot deformities in kitten 1. Row 1: right pectoral limb; Row 2: left pectoral limb; Row 3: right pelvic limb; Row 4: left pelvic limb**](JSAP-48-292-g001){#f1}

###### 

**Syndactyly deformities in the litter of kittens**

                                **Classification and description of affected digits**                                                                                                   
  ----------------------------- ------------------------------------------------------- ----------------------------------------------- ----------------------------------------------- -----------------------------------------------
  Kitten 1                      Complex/Incomplete P3 of digits 2 to 3                  Complex/Incomplete P2 and P3 of digits 2 to 3   Complex/Incomplete P1 to P3 of digits 2 to 4    Complex/Incomplete P1 to P3 of digits 2 to 4
  Kitten 2                      Normal                                                  Normal                                          Complex/Incomplete P2 and P3 of digits 3 to 4   Complex/Incomplete P2 and P3 of digits 3 to 4
  Kitten 3                      Normal                                                  Normal                                          Complex/Incomplete P1 to P3 of digits 2 to 3    Complex/Complete P1 to P3 of digits 2 to 3
  Kitten 4                      Normal                                                  Normal                                          Normal                                          Normal
  Kitten 5                      Normal                                                  Normal                                          Normal                                          Normal
  Kitten 6 (died prematurely)   Normal                                                  Normal                                          Complex/Incomplete P2 to P3 of digits 3 to 4    Complex/Incomplete P1 to P3 of digits 3 to 4

![**Foot deformities in kitten 2. Row 1: right pelvic limb; Row 2: left pelvic limb**](JSAP-48-292-g002){#f2}

![**Foot deformities in kitten 3. Row 1: right pelvic limb; Row 2: left pelvic limb**](JSAP-48-292-g003){#f3}

![**Foot deformities in kitten 6. Row 1: right pelvic limb; Row 2: left pelvic limb**](JSAP-48-292-g004){#f4}

One kitten died before the eight‐week re‐evaluation appointment. Gross post‐mortem findings included mesenteric lymphadenopathy and pneumonia. Virology was negative for feline panleucopenia, coronavirus and feline herpes via the fluorescent antibody test. Calici virus was isolated from the spleen and tongue via virus isolation assay. The ultimate cause of death was not determined. Physical examination for the remaining kittens was normal during the second appointment and no lameness was noted during observation.

Kitten 1 had complex incomplete uncomplicated syndactyly of both the pectoral limbs and pelvic limbs. Orthopaedic examination and radiographs determined that kitten 1 ([Fig 1](#f1){ref-type="fig"}) had incomplete separation of the third phalanx of the second and third digits of the right pectoral limb, incomplete separation of the third and second phalanges of the second and third digits of the left pectoral limb, and incomplete separation of the first to the third phalanges of the second to fourth digits of the right and left pelvic limbs. Both pectoral limbs and the right pelvic limb had only three digital pads; the remaining pads were normal. The digital pads of the left pelvic limb were fused into one pad. In addition, two nails were present in the pectoral limbs and right pelvic limb of the affected digits, whereas in the left pelvic limb, there was one large nail for the digits 2 to 4.

Kitten 2 had complex incomplete uncomplicated syndactyly of both pelvic limbs. Orthopaedic examination and radiographs confirmed that kitten 2 had normal pectoral limbs and demonstrated incomplete separation of the third and second phalanges of digits 3 and 4 ([Fig 2](#f2){ref-type="fig"}). The right pelvic limb had three digital pads; the remaining pads were normal. The left pelvic limb had two digital pads; the remaining pads were normal. In addition, two nails were present in each of the affected digits.

Kitten 3 had complex incomplete uncomplicated syndactyly of the right pelvic limb and complex complete uncomplicated syndactyly of the left pelvic limb. Orthopaedic examination and radiographs confirmed that kitten 3 had normal pectoral limbs, incomplete separation of the first to third phalanges of digits 2 and 3 of the right pelvic limb, and complete fusion of the first to third phalanges of digits 2 and 3 of the left pelvic limb ([Fig 3](#f3){ref-type="fig"}). Each pelvic limb had three digital pads; the remaining pads were normal. In addition, two nails were present in the right pectoral limb for the fused digits and one large nail was present in the left pelvic limb for the affected digits.

Kittens 4 and 5 had normal pectoral and pelvic limbs upon physical and radiographic examination.

Kitten 6 had complex incomplete uncomplicated syndactyly of the right and left pelvic limbs. Orthopaedic and radiographic examination revealed that the third and second phalanges of digits 3 and 4 were completely joined in the right pelvic limb and the first to third phalanges of digits 3 and 4 were partially joined ([Fig 4](#f4){ref-type="fig"}). The right pelvic limb had three digital pads, whereas the left pelvic limb had four digital pads. One large nail was present in the right pelvic limb for the affected digits, while two nails were present in the left pelvic limb for the affected digits.

It has now been a year since the kittens were diagnosed with syndactyly. To date, all kittens have been successfully adopted and have been free of lameness.

Discussion {#ss3}
==========

In this case report we have presented a litter of kittens with various forms of complex uncomplicated syndactyly involving both pectoral and pelvic limbs. Four of six kittens in the litter were affected. In one kitten, all four feet were affected, whereas in the other three only the pelvic limbs were affected. None of the kittens was lame, required medical or surgical treatment or had other gross skeletal anomalies.

Feline syndactyly is a rare condition, and to our knowledge, there are only four previous reports of this condition. Thus, information on the clinical presentation and concurrent anomalies, clinical and radiographic findings and possible links to heredity and methods of prevention is limited. All reported cases were affected with complex syndactyly. In two of the previous reports, the affected cats also had ectrodactyly ([Searle 1953](#b23){ref-type="ref"}) or a family history of polydactyly ([Howe 1902](#b13){ref-type="ref"}). Thus, although the kittens in the present report did not have concurrent anomalies, feline syndactyly may be associated with polydactyly or ectrodactyly (complicated syndactyly). This parallels canine syndactyly, in which approximately half of the reported cases are complicated ([Table 2](#t2){ref-type="table"}). All affected cats in the previous four and in this report were presented without lameness and the kittens in the present report had not developed lameness at the time of writing. This is similar to canine syndactyly, where all reported cases with complex syndactyly were without lameness and only cases with simple syndactyly were presented with lameness.

Paw changes in syndactyle cats include abnormal or absent digits, abnormal shape, fusion or absence of digital pads and abnormal shape or fusion of nails. Dissection of feline syndactyle legs demonstrated that deep digital flexor muscles to fused digits were often absent (Howe [1917](#b12){ref-type="ref"}, [1902](#b13){ref-type="ref"}). In general, the musculature corresponded to the skeletal anomalies, for example, fused digits corresponded to single‐muscle units and some muscles were lacking in entirety. Radiographic findings consisted of complete or incomplete joining of phalanges 1 to 3 and metacarpal or metatarsal bones (Howe [1975](#b3){ref-type="ref"}, [1917](#b12){ref-type="ref"}, [1902](#b13){ref-type="ref"}, [1953](#b23){ref-type="ref"}). Both the external and radiographic features of feline syndactyly are similar to those of canine complex syndactyly. However, a lack of cutaneous separation between digits without osseous abnormalities, as seen in canine simple syndactyly ([Richardson and others 1994](#b20){ref-type="ref"}), has not been observed (Howe [1975](#b3){ref-type="ref"}, [1917](#b12){ref-type="ref"}, [1902](#b13){ref-type="ref"}, [1953](#b23){ref-type="ref"}).

An inheritable form of feline syndactyly has been reported ([Searle 1953](#b23){ref-type="ref"}). This report was from a cattery where the female was allowed to breed freely. In addition, affected kittens also had ectrodactyly deformities ([Searle 1953](#b23){ref-type="ref"}). The proportion of kittens with either defect, in successive litters, was 0 of 5, 2 of 6, 2 of 7, 3 of 4 and 0 of 4. Both males and females were affected. It was concluded that ectrodactyly combined with syndactyly was due to the action of a heterozygous gene with a variable expression. In another report, syndactyly was reported in a colony of polydactyle cats ([Howe 1902](#b13){ref-type="ref"}). Although the incidence of syndactyly in this colony was not reported, it may be that syndactyly was an inherited trait, just like polydactyly ([Howe 1902](#b13){ref-type="ref"}). In the present report, environmental and family histories were not available. However, because four of the six kittens in the litter were affected, a genetic background for the syndactyly is not unlikely ([Thrusfield 1988](#b25){ref-type="ref"}, [Patterson and others 1989](#b18){ref-type="ref"}). Thus, it may be that almost all reported feline syndactyly cases have a genetic aetiology.

The presented litter and previous reports yield guidelines for the diagnosis, treatment and prevention of feline syndactyly. Because syndactyly may be a hereditary trait, a detailed history with questions about syndactyly in littermates and previous litters (including male:female ratio) and other related cats should be obtained. Information on drug exposure, maternal disease or radiation exposure during the first and second trimester of gestation should be collected to determine possible causative environmental factors ([Towle and Breur 2004](#b26){ref-type="ref"}). The clinician should perform a thorough general physical examination to detect other congenital anomalies. The paws should be carefully examined for abnormal or absent digits, abnormal shape, fusion or absence of digital pads and abnormal shape or fusion of nails. Radiographic changes may be dramatic and can include complete or incomplete fusion of phalanges and metatarsal or metacarpal bones. The diagnosis of complex syndactyly is based on clinical and radiographic findings. It appears that feline complex syndactyly causes minimal to no discomfort and reported patients affected with this condition have presented without lameness. Therefore medical or surgical treatment of this condition is not recommended. Because the condition may be hereditary, breeding of affected animals should be discouraged and it is recommend that affected animals be neutered or spayed.

In this case report we describe the clinical and radiographic features of a litter of kittens affected with complex syndactyly. We also provide guidelines for the diagnosis, possible treatment and prevention of propagation of this condition. This is the first report of syndactyly in a litter of kittens and syndactyly affecting both the pectoral and pelvic limbs.
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